and adolescents, with a median age of 9.9 years (ranging from 2 to 18 years), was identified.
INTRODUCTION
Snakebite injuries are not uncommon in Asia (1) (2) (3) (4) . However, reports of their clinical features and management in children are scarce, even in countries known to present a high snakebite incidence (5, 6) . In Taiwan, despite rapid urbanization, snakebites occur often in adults who work on farms, in fields and in forests (7) . However, as the habitats of snake species often overlap with human environments, children are occasionally bitten by snakes (8) . Venomous snakebites are fatal for small animals but are generally not lethal in humans. However, the same amount of venoms affects children more severely than adults (9, 10) . Therefore, research into the management of venomous snakebites in children is crucial. A protocol for snakebite management had been applied to pediatric patients with snakebites in our institutes. We investigated the clinical features, antivenom management, complications and prognoses for snakebites in children.
PATIENTS AND METHODS

Protocol of Snakebite Management
Snakebite patients brought to the pediatric emergency unit were registered, then We used four types of antivenom, including against neurotoxic and hemotoxic venoms, anti-Deinagkistrodon acutus and anti-Daboia russelli siamensis which were all produced at the Vaccine Center, Centers for Disease Control, in Taiwan, since the 1980's. The antivenom used (freeze-dried vial) was an enriched solution of F(ab') 2 immunoglobulin obtained from horses immunized with a mixture of venom from the species, and yielded by a pepsin digestion approach. Each vial contained 1000
Tanaka units of freeze-dried F(ab') 2 . According to the manufacturer each unit of reconstituted antivenom neutralizes 8 μg of reference venoms from species of mice (11) . It was prescribed according to snake identification or based on clinical symptoms and signs for unidentifiable snakes. All patients were pretreated with 1 mg/kg (maximum 30 mg) of diphenhydramine and 2.5 mg/kg of hydrocortisone (maximum 100 mg) intravenously (12, 13) . The freeze-dried antivenom was diluted with 50-100 mL of normal saline and infused intravenously for one hour. The dosage most toxicologists used for treating pediatric patients with snakebites was the same as that for adults. In general, 6-12 vials of antivenom against neurotoxic venom were used for Naja atra bite and two vials for Bungarus multicinctus; one vial of antivenom against hemotoxic venom was used for Trimeresurus stejnegeri and one vial for Trimeresurus mucrosquamatus; two vials of anti-Deinagkistrodon acutus were used for Deinagkistrodon acutus and 2-4 vials of anti-Daboia russelli siamensis were used for Daboia russelli siamensis bite. During the infusion, the blood pressure, consciousness and skin reaction were evaluated. Total dosage and time from bite to first dose of antivenom were analyzed. A repeat dose was administered if there was progression to local swelling, ecchymoses or gangrene or if systemic symptoms/signs occurred one hour after the first dose.
Study Population and Clinical Features
Snakebite patients aged less than 18 years, registered from 1994 to 2007, were reviewed. Data for patient age, gender, bite time, body part bitten, locality and snake species were included. The identification of snake species was primarily based on the specimen the family brought to the hospital or on recognition using snake photographs ( Figure 2 ). 
Complications and Prognosis
Complications after snakebite were investigated and included respiratory failure, hemodynamic instability, systemic reaction after antivenom use and need for surgery.
In addition, functional impairment of the bitten limb during follow-up and mortality rate were addressed.
RESULTS
Demographic and Clinical Features
A total of 55 patients, 44 males and 11 females, were identified in this study. Their ages ranged from 2 to 18 years with a median of 9.9 years. All patients were initially brought to the pediatric emergency unit with fang marks. Their demographics, time and locality of bite, body part bitten and the interval from bite to hospital arrival are summarized in Table 1 . Of 55 patients, 45 were bitten from May to September and in 25 of 37 patients the bites occurred at or near home. Five patients were bitten by captive snakes. Eighty-seven percent of patients (48/55) were taken to the hospital within three hours after the attack. 
Envenomation and Laboratory Data
The clinical symptoms and signs of 35 patients with envenomation are listed in Table 2 .
The most common presentations of Naja atra bite were swelling of the bitten part, nausea and vomiting, and progressive pain. The five cases with tissue necrosis all resulted from Naja atra bite. Local ecchymoses were found in patients bitten by hemotoxotic snakes (Trimeresurus). received it within 2 hours after being bitten (Table 3) . Of these 35 children, 11 were attended first at a local hospital and then transferred to our emergency department.
Among 24 unidentifiable snakes, 11 were administered antivenom, eight hemotoxic antivenom and three neurotoxic antivenom. At least one repeat dose was given to four patients with Trimeresurus mucrosquamatus bites, 5 Trimeresurus stejnegeri, 4 Naja atra and two unidentifiable snakes. The reasons for giving these 15 patients repeat doses were failure to achieve primary controls and progression of symptoms. The total dosage of antivenom used is listed in Table 3 .
Of 11 patients with envenomation after having been bitten by Naja atra, the mean dosage of antivenom used was 7.8 (range 3 to 12) vials in five patients who were submitted to surgery, compared with 3.0 (range 2 to 4) vials in the others who did not undergo surgery. A larger dose was given to patients with high grades of envenomation, who might later experience major complications and require surgery. 
Adverse Effects and Complications
Among the 35 patients treated with antivenom, only three patients developed skin rash; all three recovered soon after being given repeated doses of diphenhydramine and hydrocortisone. None had severe allergic reaction. In addition, no patients needed intubation or limb amputation and none had occurrence of shock or disseminated intravascular coagulopathy. Despite early use of antivenom, five patients needed surgery due to compartment syndrome (three patients), gangrene (one patient) or tissue necrosis (one patient). All five of these patients were bitten by Naja atra.
DISCUSSION
Snakebites constitute one of the major causes of morbidity and mortality in developing countries (14) (15) (16) . Because the habitats of snake species often overlap with human environments, children are occasionally found with snakebites even in highly urbanized countries. Its importance as an emergency medical condition is high among children. Although case series from the USA, South America, Australia and Asia have reported children with snakebites, they show different snake species from Taiwan (17) (18) (19) (20) (21) (22) . In addition, high mortality and functional impairment of extremities after bites were found in some studies due to delayed hospital visits and limited antivenom use (14, 16) . Among more than 40 terrestrial snake species in Taiwan The study points out that a protocol for children with snakebites is valuable for guiding an emergency physician to manage these patients immediately.
In the 1980's, F(ab') 2 type antivenom was produced using a pepsin digestion approach at the Centers for Disease Control, in Taiwan, and made universally available to primary and secondary hospitals (11) . Therefore, most envenomated patients could be promptly treated within a few hours of being bitten. In addition, the first snakebite poison consultation center in Taiwan The protocol we used was devised in 1994, and included premedication with H1-antihistamine and hydrocortisone before antivenom administration. Although few patients presented skin rash, no anaphylaxis occurred in these 35 patients. However, in the last decade, studies of the efficacy and safety of premedication strategies have been conducted in Sri Lanka and Brazil (23, 24) . Subcutaneous adrenaline premedication produced a significant reduction in the incidence of early adverse reactions, and the effect was preserved when stratified for severity (23) . But antihistamine appears to be of no obvious benefit in preventing acute reactions from antivenom (24) . There is also no good evidence that hydrocortisone should be given before antivenom (25) .
The identification of snake species is important if antivenom is to be used. However, the species is not ably identified if the patient or companion fails to see or catch the responsible snake. Some reports in adults indicate that these cases account for up to 30% of the total number (7). In children, this phenomenon would be more frequent, as found in the present study, because of a lesser ability to clearly describe the features of a snake or catch it successfully. Although these unidentifiable snakes could be non-venomous, venomous species are not uncommon. Therefore, guidelines for snakebite identification based on clinical symptoms and laboratory analysis is important to improve clinical diagnosis of snakebites (26) . In addition, we suggest implementing a treatment protocol that is specific to the snake species of the local area.
Naja atra venom is composed of many proteins that exert neurotoxic, cardiotoxic, and hemotoxic properties. The mainstay of treatment for cobra envenomation is aggressive supportive care (mechanical ventilation and hemodynamic support) and the administration of antivenom (27) . Of 12 patients bitten by Naja atra, only one did not receive antivenom therapy because of absence of envenomation. Among 11 patients administered antivenom, none developed early or late neurological or cardiogenic side effects after early use of antivenom. However, five patients needed surgical intervention subsequently despite an antivenom dose higher than those given to patients not requiring surgery. Although the use of antivenom is indicated for systemic manifestations of envenomation such as the development of neurotoxicity or cardiotoxicity, the question of whether the increased dosage or early administration of antivenom for Naja atra bites is beneficial for preventing not only the abovementioned systemic reaction but also tissue injuries requires further study (27, 28) .
Limitations
Antivenom treatment was found to be related to a decline in the fatality rate (19) .
However, the dose of antivenom for children with envenomation has been the subject of much debate (15) . Published studies have indicated that the same venom is injected in both children and adults after being bitten. Logic suggests that the antivenom dosage for neutralizing the venom should be equivalent in children and adults (29) . To the best of our knowledge, no study provided the rational dose for pediatric patients with snakebites before our protocol was used. In this study, the dosage toxinologists used for treating pediatric patients with snakebites was not standardized. Moreover, a rational dosage according to envenomation severity could not be addressed. In addition, the protocol did not include a specific method for repeat dosing, specific laboratory data or follow-up. Although the limited data show that the antivenom dose in adults is safe and effective for use in children, randomized controlled trials are needed to address antivenom treatment doses in children with snakebites according to envenomation grade.
CONCLUSIONS
The study shows that treatment for pediatric patients with snakebites according to the protocol normally does not result in fatalities and there is only a small percentage of major injuries that occur as a result of Naja atra bite. Determining the rational dosage for pediatric patients with snakebites requires larger randomized controlled trials.
Moreover, additional strategies are needed to reduce the number of morbidity cases in patients bitten by Naja atra.
